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This technical memorandum documents the performance of the groundwater treatment system 
implemented at the Lincoln Avenue Water Company (LAWC) through March 2006.  The treatment 
system was implemented as a removal action as part of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) program at the National Aeronautics and Space 
Administration (NASA) Jet Propulsion Laboratory (JPL).  The Action Memorandum for this removal 
action was signed on August 23, 20041. Table 1 is an overview of the system operations to date, which 
began on July 28, 2004. 

Table 1. LAWC System Operational Summary (August 2004 Through March 31, 2006) 
Parameter Units LAWC #3 LAWC #5 Total 

Total Volume of Groundwater Extracted Acre-ft 2,119 1,180 3,299 
Total Volume of Groundwater Extracted Million 

gallons 
690.5 384.5 1,075 

Mass of Perchlorate Removed lbs 68 15 83 

Mass of Carbon Tetrachloride (CCl4) Removed lbs 8 14 22 

Mass of Trichloroethene (TCE) Removed lbs 7 1 8 
* Samples collected from LAWC#5 have contained detectable concentrations of CCl4. 

BACKGROUND 

Liquid wastes generated at JPL in the 1940s and 1950s (such as cleaning solvents, solid and liquid 
rocket propellants, cooling tower chemicals, and analytical laboratory chemicals) were disposed of in 
seepage pits, a then common and acceptable practice.  Some of these wastes contained chemicals (e.g., 
perchlorate and chlorinated solvents containing volatile organic compounds [VOCs]) that have been 
found in groundwater beneath and adjacent to JPL, including groundwater extracted from two 
drinking water wells operated by LAWC (LAWC#3 and LAWC#5).  Figure 1 is a location map 
showing JPL and the LAWC production wells.   

In 1981, VOCs were first detected in LAWC#3 and LAWC#5.  By 1984, VOC concentrations were 
increasing and both wells were shut down.  With NASA funding, LAWC installed a VOC treatment 
facility for the wells in the early 1990s.  NASA funded the ongoing operations of the plant as well.  
The existing VOC treatment facility consists of four 12-ft-diameter treatment vessels (Calgon Carbon 
Model 12 Adsorption Systems), each containing 20,000 lb of liquid-phase granular activated carbon 
(LGAC). The LGAC treatment facility was operated under an Operations Plan approved by the 
California Department of Health Services (DHS) (revised September 2002). 

1 NASA. 2004. Action Memorandum for the Lincoln Avenue Water Company (LAWC), Altadena, California Associated 
with Groundwater Cleanup at the National Aeronautics and Space Administration, Jet Propulsion Laboratory, Pasadena, 
California. August. 
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Figure 1. Location Map 

Perchlorate concentrations were first detected in samples collected from the LAWC wells in 1997, 
when an improved analytical method, using ion chromatography, was developed to detect low levels 
of perchlorate.  Since 1997, perchlorate concentrations in samples from the LAWC wells have ranged 
from less than 4 micrograms per liter (µg/L) to 31.0 µg/L. In July 2004, an ion exchange system was 
incorporated into the treatment train at LAWC, consisting of LGAC, chlorination, and blending with 
Foothill Municipal Water District (FMWD) water in the Olive Sump.  Water in the Olive Sump is 
pumped into the distribution system for potable use by LAWC customers.  A process flow diagram 
for this entire treatment system is provided as Figure 2.   

Ion exchange (IX) treatment consists of a USFilter Model HP1220DS Hi-Flow System.  The HP1220DS 
System has two 12-ft-diameter ion exchange vessels, with a nominal treatment capacity of 2,000 gpm.  
Each ion exchange unit contains 300 cubic feet of Rohm and Haas Amberlite™ PWA2 Strongly Basic 
Anion Exchange Resin, which is designed for selective removal of perchlorate from potable water.  
DHS issued a permit amendment on July 26, 2004 for the LAWC system, a copy of which was 
provided in the Technical Memorandum submitted in 20052. 

2 NASA. 2005. Technical Memorandum, Lincoln Avenue Water Company (LAWC) Treatment System, National Aeronautics 
and Space Administration, Jet Propulsion Laboratory, Pasadena, California. May. 

2




LAWC#3 LAWC#5

1,000-gpm
Pump

Liquid-Phase Granular Activated Carbon
Calgon Carbon Model 12 Adsorption Systems

Granular
Activated
Carbon

Granular
Activated
Carbon

Granular
Activated
Carbon

Granular
Activated
Carbon

Granular
Activated
Carbon

Granular
Activated
Carbon

Granular
Activated
Carbon

Granular
Activated
Carbon

Ion Exchange
USFilter Model HP1220DS 

Hi-Flow System

Ion Ex.
Unit

Ion Ex.
Unit

Ion Ex.
Unit

Ion Ex.
Unit

Explanation

Valve

Pump

Sampling Port

1,000-gpm
Pump

Olive Sump

Water Purchased
From FMWD

Chlorine

4th

Port

4th

Port

4th

Port

4th

Port

To Distribution
System

Note: The Liquid-Phase Granular Activated Carbon removes volatile organic compounds from the water.

Bag Filter
Hayward Maxline MBF0802HE

Filter Vessel

 
Figure 2.  Process Flow Diagram 

 
LAWC#3, LAWC#5, AND MW-17 
 
Table 2 summarizes minimum and maximum carbon tetrachloride (CCl4), trichloroethene (TCE), and 
perchlorate concentrations detected in LAWC#3 and LAWC#5.  Figures 3 and 4 are graphs of 
historical concentrations in extracted groundwater samples collected from LAWC#3 and LAWC#5.  
Trends in LAWC#3 indicated a general decrease in TCE concentrations and a general increase in CCl4 
and perchlorate concentrations.  No clear trends were observed in LAWC#5.   
 
NASA-JPL has a multiport monitoring well, MW-17, located less than 500 ft upgradient of LAWC#3 
(see Figure 1).  Table 2 also summarizes CCl4, TCE, and perchlorate detections in samples collected 
from the five sampling screens (discrete sampling intervals) of MW-17.  This monitoring well serves 
as the best available indicator of near-future (1-2 years) concentrations that may be observed in 
LAWC wells.  Figures 5, 6, and 7 provide the historical concentrations of CCl4, TCE, and perchlorate 
in MW-17.  Sampling of MW-17 (Screen 3) indicated a decreasing perchlorate concentration trend, 
with concentrations below 100 µg/L throughout 2005.  The highest concentration detected in MW-17 
(Screen 3) was 209 µg/L in July/August 2003. 
 

Table 2.  Summary of Highest Chemical Concentrations Historically Detected 
LAWC#3 LAWC#5 MW-17 (Maximum Levels) 

Analyte Units Min Max Min Max S1 S2 S3 S4 S5 
Regulatory 

Level 

CCl4 µg/L <0.5 4.0 <0.5 1.9 <0.5 1.0 13.7 0.8 <0.5 0.5 

TCE µg/L <0.5 20.8 <0.5 57.4 <0.5 6.2 23 15.5 16 5 

Perchlorate µg/L <4.0 46.0 <4.0 15.0 <4.0 17 209 17 22 6 
Note: MW-17 is a multiport monitoring well containing five separate sampling screens, denoted S1 through S5 
 



c

C
on

ce
nt

ra
tio

n 
( µ

g/
L)

 

i

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

Perchlorate 

Carbon Tetrachlor de 

TCE 

98
 

-99
 

-02
 

-03
 4

tob
er-

95

Au

-96
 7 0 1 -04

 599
 

09 r 0 y-0 0l
ua

ry-e- r-r-st ry ay h
Ju

lybe
r

beri
gu be e

ua ulJu
n rcAp

mbM MaJo em
Dec

em nbr OctO teJaFe ov epN S

Figure 3. 4

C
on

ce
nt

ra
tio

n 
( µ

lorate 

Historical Concentrations of CCl , TCE, and Perchlorate in LAWC#3 
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Figure 4. Historical Concentrations of CCl4, TCE, and Perchlorate in LAWC#5 
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Figure 5. Historical Concentrations of CCl4 in MW-17 
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Figure 6. Historical Concentrations of TCE in MW-17 
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Figure 7. Historical Concentrations of Perchlorate in MW-17 

ROUTINE MONITORING 

Table 3 summarizes the routine monitoring schedule for the ion exchange and LGAC system.  
Analytical results from samples collected from LAWC#3 and LAWC#5 are presented in Figures 3 and 
4, respectively. 

Figure 8 shows perchlorate analytical results associated with the ion exchange system.  Perchlorate 
broke through the lead IX vessel three times during 2005, but never through the second (“lag”) IX 
vessel. The system was shutdown in late January 2006 to implement improvements to the manifold 
to prevent channeling within the IX vessels, and the system was restarted in early March 2006.   

Table 4 summarizes the LGAC changeout dates and frequency based on the 4th port analytical results.  
Carbon tetrachloride consistently breaks through the carbon prior to other chemicals, and hence 
serves as the indicator chemical.  Typical breakthrough occurred between 42 and 217 operating days, 
with an average of 115 days. 

Table 5 summarizes the LGAC effluent and combined effluent sampling results.  These effluent 
samples have not contained detectable CCl4, TCE, PCE, or perchlorate at any time since startup in July 
2004, indicating the treatment system effectiveness. 
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Table 3. Sampling Locations and Monitoring Schedule 
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Figure 8. Ion Exchange System Performance 
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Table 4. Carbon Changeout Frequency Based on LGAC 4th Port VOC Sampling 

Description 1st Vessel 2nd Vessel 3rd Vessel 4th Vessel 

Date of 1st Changeout 12/14/04 11/23/04 03/22/05 12/21/04 
Date of 2nd Changeout 07/19/05 02/01/05 07/26/05 07/26/05
   Days between changeouts 217 70 126 217 
Date of 3rd Changeout 11/22/05 07/12/05 11/15/05 11/08/05
   Days between changeouts 126 161 112 105 
Date of 4th Changeout 01/03/06 11/01/05 01/20/06 01/20/06
   Days between changeouts 42 112 66 73 
Date of 5th Changeout 12/20/05
   Days between changeouts 49 
Average days between changeouts 128 98 101 132 
Minimum days between changeouts 42 49 66 73 
Maximum days between changeouts 217 161 126 217
 (a) Changeout triggered after detection of VOCs, typically carbon tetrachloride, at the LGAC 4th Port 

Table 5. Effluent Sampling Results 

Date 
LGAC Effluent 

VOCs(a) 
Combined 
Effluent(b) 

08/03/04 ND ND 
09/07/04 ND ND 
10/05/04 ND ND 
11/02/04 ND ND 
12/07/04 ND ND 
01/04/05 ND ND 
02/01/05 ND ND 
03/01/05 ND ND 
04/05/05 ND ND 
05/05/05 ND ND 
06/07/05 ND ND 
07/05/05 ND ND 
08/02/05 ND ND 
09/13/05 ND ND 
10/04/05 ND ND 
11/02/05 ND ND 
12/06/05 ND ND 
01/03/06 ND ND 
02/07/06 ND ND 
03/14/06 ND ND 

(a) TCE, CCl4, and PCE with detection limit of 0.5 µg/L from each of the 4 LGAC vessels effluent 
(b) TCE, CCl4, and PCE with detection limit of 0.5 µg/L and perchlorate with detection limit of 4.0 µg/L 
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COST SUMMARY 

Table 6 summarizes the operational costs incurred between March and December 2005.  

Table 6. Operational Costs: March Through December 2005 
Description GAC IX Total 

Facility Inspections $16,577.50 $15,707.01 $32,284.51 
Sample Analysis $29,397.50 $16,106.25 $45,503.75 
Sample Collection $4,892.50  $4,785.63  $9,678.13  
Maintenance $18,525.00 $21,493.75 $40,018.75 
Carbon Change-Out $193,482.01  NA $193,482.01  
IX Treatment Costs NA $424,112.67  $424,112.67  
Associated Costs combined combined $3,327.38  
Administration $1,385.40 $1,431.58  $2,816.98  
Energy Costs combined combined $1,939.39  
Chemical Costs combined combined $12,219.29 
Support Vehicle combined combined $347.54  
DHS Fees NA $30,525.74 $30,525.74 
Total $796,256.14  

ATTACHMENTS 

Attachments to this technical memorandum include the following: 

• Attachment 1:  Lincoln Avenue Water Company 2005 Annual Report of Operations 



ATTACHMENT 1: LINCOLN AVENUE WATER COMPANY 
2005 ANNUAL REPORT OF OPERATIONS 




















































